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It was observed in the course of earlier experiments (Jensen and Swaby, 1941), that 
hemicellulose in the form of crude xylan could be used for nitrogen fixation by associated 
cultures of Azotobacter and certain other bacteria which produced organic acids from 
xylan as well as from cellulose. Other cellulose-decomposing organisms, such as 
Cellvibrio spp., fungi and actinomycetes, did not give rise to any significant nitrogen 
fixation, although they readily broke the xylan down to reducing compounds, probably 
xylose. Similar results were afterwards obtained with several fungi, isolated from dew- 
retted flax, these decomposing xylan vigorously but cellulose only feebly. The following 
amounts of nitrogen, as averages of duplicate cultures of 25 ml., were found after 
incubation for 20 days at 28-30°C. in a medium containing: xylan 2:0%, yeast extract 
10%, K.HPO, 01%, MgSO, 005%, NaCl 0:02%, FeCl, 0:01%, Na.MoO, 0:001% and 
CaCO, 02%. 


Inoculum. Total N, mgm. 
Sterile control (analysed before incubation) .. .. .. .. .. .. 1. 0-75 
Az. chroococcwm + Cladosporium herbarum .. .. «2. «2 «2 «- «. 0°68 
90 + Stachybotrys atra en Me a ate RA 
y is + Alternaria tenuis sa neons aan sa eae T 
i 0 + Aspergillus niger wae Lacie fave. aes ae Roe 0-80 


This constant failure of Azotobacter to fix nitrogen in association with xylan- 
hydrolyzing organisms suggests inability to utilize xylose, the main hydrolysis product 
of natural xylan. Only few observations have been recorded on the utilization of this 
and other pentoses by Azotobacter. Stoklasa (1908) stated that xylose was readily 
consumed with a yield of about 7 mgm. fixed N per gm. of sugar, but since he also 
reported the formation of ethyl alcohol, lactic acid and elementary hydrogen in consider- 
able quantities from glucose, it seems open to doubt whether his Azotobacter-cultures 
were pure. Léhnis and Pillai (1908) found that crude cultures of Azotobacter utilize 
xylose very well, fixing about 9-5 mgm. N per gm. sugar. Hoffmann and Hammer (1910) 
found that it represented an inferior source of carbon for pure cultures, whereas 
Mockeridge (1915) reported a fixation of 9 mgm. N per gm. of xylose consumed. Stapp 
and Ruschmann (cit. after Bucherer, 1933) found it unavailable; Bucherer confirmed 
this, but stated that Aspergillus niger elaborates assimilable compounds from xylose. 
Georgi and Ettinger (1941) found xylose readily assimilable, but their experiments, like 
Bucherer’s, were qualitative only. All these data refer to Az. chroococcum; other species 
do not appear to have been tested. The conflicting evidence might in part be due to the 
use of media deficient in molybdenum, but it is also possible that different strains may 
vary in their behaviour towards xylose (cf. Smith, 1935). 

In order to clear up this somewhat obscure point, twenty-five strains of Azotobacter 
were tested for their ability to grow in xylose-media. They included twenty isolates of 
Az. chroococcum and one of Az. vinelandii trom Australian soils, in addition to four 
ot American origin (two Az. chroococcum, one Az. beijerinckii, one Az. vinelandii). Some 
of the local isolates were obtained by direct plating on N-free dextrine-agar, and others 
after previous enrichment in N-free xylose-solution inoculated with soil; these 
enrichment-cultures produced typical Azotobacter-pellicles after 3 to 4 days at 28°C. 
(cf. Léhnis and Pillai, 1908). Growth was tested in a solution containing 1% xylose 
and mineral constituents as above, and also on plates of a corresponding agar medium. 
Two batches of xylose were tried. Plate cultures were incubated for 8 days and liquid 
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cultures for 14 to 18 days at 28-30°C. No visible growth was produced by any strain 
except the local isolate of Az. vinelandii, which showed a very scant growth on agar 
and a barely perceptible turbidity in solution. A quantitative experiment was therefore 
carried out with this strain; duplicate cultures in 20 ml. 2% xylose-solution were 
incubated for 35 days at 28-30°C., and the following average amounts of nitrogen were 
found: 


Inoculum. Total N, mgm. 
MEcILCMCONERONESOIUtION@= cs se Ge sone se as os Se ne wa aes OF OF 
BUS WENT a a : sao oo (eB 


Az. vinelandii thus seems Ane to a ine ie to a sishi A but in 
Az. chroococcum this is obviously not a common property. Assuming that the cultures 
were pure, the xylose-consuming strains examined -by Mockeridge (1915) and Georgi 
and Ettinger (1941) must consequently have been of an exceptional character; the 
strong acid-tormation from several sugars in Georgi and Ettinger’s experiments also 
indicates a somewhat abnormal behaviour. 

The nitrogen fixation resulting in mixed cultures would evidently depend on the 
ability of the accompanying organisms to transform the xylose into compounds available 
to Azotobacter, and in their turn to utilize the nitrogen fixed by the latter. According 
to Thaysen and Galloway (1930), xylose is fermented by many different groups of 
bacteria, and some of them, e.g., the lactic acid bacteria, yield products that are valuable 
sources of carbon for Azotobacter. The same is true of some typical anaerobes such as 
the butyric acid and butyl alcohol bacilli; these or similar organisms may be responsible 
tor the good growth of Azotobacter in xylose-solution inoculated with soil. An actual 
example of such an associate that enables Azotobacter to utilize xylose is furnished by a 
cellulose-decomposing corynebacterium (Cor. fimi?) which was previously found able to 
teed Azotobacter from cellulose and xylan (Jensen and Swaby, 1941). Pure and associated 
cultures in 20-ml. portions containing 2% xylose, 0-5% yeast extract, and minerals as 
above, showed after incubation for 18 days at 28-30°C. the following contents of nitrogen 
(average of duplicates unless otherwise stated): 


Inoculum. Total N, mgm. Gain, mgm. 
Sterile control (triplicate) .. .. .. .. .. «2 .. 0°47 
Corynebacterium fimi (single) .. ..  .. .. ..  .. 0°46 
Az. chroococcum eRe UME ct Mk. Gait eee See OSES 
a 56 ECO AM Somers ae es ae ae ET oe 0-80 
Az. vinelandii .. .. ee ee eee: fen Mees 0262 X (0-15) 
a an + Cor. ae ee e e 1-21 a 0-74 


The fixation by Az. vinelandii alone is so slight as to ne of questionable significance, 
but both species together with the corynebacterium produced good growth and a definite 
nitrogen fixation. Also a variety of Bac. polymyzxa, isolated from an enrichment-culture 
in xylose-solution, supported growth of Az. chroococcum in soil-extract with 1% xylose, 
but several other xylose-decomposing bacteria isolated from similar sources failed to do 
so, and likewise Rhizobium meliloti and Acetobacter suboxydans; apparently their 
metabolic by-products are not acceptable to Azotobacter. 

Another test was performed to see whether Bac. polymyxa was able to induce growth 
of Azotobacter in association with xylan-hydrolyzing organisms. Various combinations 
were grown in 20-ml. portions of dilute soil-extract with 2% xylan, mineral constituents 
as above, and per culture, 05 mgm. N as (NH,).SO, After 40 days at 28°C. the 
following amounts of nitrogen were found: 


Inoculum. Total N, mgm. Gain, mgm. 
Sterile control .. . A Seo Mere oo 2S 
Az. chroococcum + Tara oolymjza ee ee a a a2 
T oH + Cellvibrio sp. : 46 op J60G 
2 pp ap a + Bac. ma sa oa Ami T 1:29 
ai) 3 + Trichoderma sp. .. ao on © RS 
3 8 of a d= Bac. P m 125 


The combination of Azotobacter with Cellvibrio aad ‘Bac. polymyva has fixed an 
appreciable quantity of nitrogen; this was also the only case where a visible growth 
otf Azotobacter was observed. The corresponding combination with Trichoderma failed 
to fix nitrogen, probably because the fungus only accumulates reducing sugars from the 
xylan when deprived of oxygen (sealed cultures). Thus when nitrogen is fixed under 
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natural conditions at the expense of xylan, the biological mechanism would seem to 
consist of an association between Azotobacter and organisms like Cor. fimi or Cellvibrio 
Spp., in the latter case with the intervention of organisms like Bac. polymyzxa; the place 
of the last organism might be taken by Clostridium butyricum which, by virtue of its 
own ability to fix nitrogen, might further increase the efficiency of the process and 
also lead to a gain of nitrogen under conditions unsuitable for Azotobacter. 

Arabinose, the pentose that comes next to xylose in importance as a structure-element 
of hemicelluloses, is stated by Stoklasa (1908), Hoffmann and Hammer (1910), and 
Mockeridge (1915), to be a favourable nutrient for Az. chroococcum, but Bucherer 
(1933), as well as Stapp and Ruschmann quoted by him, found it unavailable. Among 
the organisms included in the present experiments, the American strain of Az. beijerincekii 
produced a scant, and the local isolate of Az. vinelandii a good growth in arabinose- 
solution, but Az. chroococcum did not grow. A quantitative experiment (duplicate 
cultures in 25 ml. N-free mineral solution with 2% arabinose) showed the following 
amounts of nitrogen after 15 days at 28-30°C.: 


Inoculum. Total N, mgm. 
Sterile control Sol wits Orme a =). 
Az. chroococcum oe Sn ar eC a ce csc ote ove. S 
Az. vinelandii .. .. eo on aus 


The amount of nitrogen fixed by Az. vinelandii corresponds to more than 22 mgm. 
per gm. of sugar; this is an efficiency probably as high as ever recorded. A relatively 
strong nitrogen fixation might thus result at the expense of arabans or other hemi- 
celluloses containing arabinose, through direct association of Az. vinelandii and araban- 
hydrolyzing organisms, 


SUMMARY. 


Xylose was not utilized by Azotobacter chroococcum, and only to a very small extent 
by Az. vinelandii. Nitrogen can be fixed through the intervention of other bacteria 
capable of transforming the xylose into compounds available to Azotobacter. Xylan 
may be utilized by Azotobacter in association with such organisms in addition to others 
that hydrolyze the xylan. Arabinose is utilized very well by Az. vinelandii, but not by 
Az. chroococcum. 


References. 


BucHERER, H., 1933.—Experimenteller Beitrag zur Frage der ernaihrungsphysiologischen Wechsel- 
beziehungen zwischen Bakterien und Pilze. Cent. Bakt., II, 89, 273-283. 

GEORGI, C. E., and ETTINGER, J. M., 1941.—Utilization of Carbohydrates and Sugar Acids by the 
Rhizobia. J. Bact., 41, 323-340. 

HOFFMANN, C., and HAMMER, W. B., 1910.—Some Factors concerned in the Fixation of Nitrogen 
by Azotobacter. Cent. Bakt., II, 28, 127-139. 

JENSEN, H. L.. and Swasy, R. J., 1941.—Nitrogen Fixation and Cellulose Decomposition by Soil 
Micro-organisms. II. Proc. Linn. Soc. N.S.W., 66, 89-106. 

LOHNIS, F., and Pirlar, N. K., 1908.—Ueber stickstofffixierende Bakterien. Cent. Bakt., IF, 20, 


781-799. 
MockKERIDGE. F., 1915.—Soil Organic Matter as a Culture Medium for Azotobacter. Biochem. J., 
9, 272-283. 


SMITH, N. R., 19385.—The Occurrence of a Strain of Azotobacter which does not ferment 
Mannitol. J. Bact., 30, 323-328. 

STOKLASA, J., 1908.—Beitrag zur Kenntnis der chemischen Vorgänge bei der Assimilation des 
elementaren Stickstoffs durch Azotobacter und Radiobacter. Cent. Bakt., II, 21, 484-509, 
620-632. 

THAYSEN, A. C., and GALLOWAY, L. D., 1930.—The Microbiology of Starch and Sugars. London. 


